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1. INTRODUCTION

This is the second in our series of combined verification of the Techniques
Development Laboratory's (TDL's) operational guidance forecasts and National
Weather Service (NWS) local forecasts made at Weather Service Forecast
Offices (WSFO's). Verification statistics for objective guidance and sub-
jective local forecasts of opaque sky cover, surface wind, ceiling height,
and visibility are presented here for the warm season months of April
through September of 1976. We previously presented combined verification
statistics for the cool season of 1975-76 for the variables above and,

in addition, for precipitation type (Carter et al., 1976). Of the 233
stations for which we issue guidance forecasts each day, the 94 shown in
Table 1.1 were used for this verification.

TDL's forecasts were based on the Model Output- Statistics (MOS) technique
(Glahn and Lowry, 1972). Input to our MOS prediction equations came from
surface observations and forecast fields from the Limited-area Fine Mesh
(LFM) (Howcroft and Desmarais, 1971), Trajectory (TJ) (Reap, 1972), and/or
Primitive Equation (PE) (Shuman and Hovermale, 1968) models.

WSFO forecasts were provided to us by the Technical Procedures Branch of
the Office of Meteorology and Oceanography in conjunction with the NWS
combined aviation/public weather verification system (NWS, 1973). These
forecasts were recorded daily for verification purposes under instructions
that the value recorded be '"...not inconsistent with..." the official
weather forecasts. Surface observations as late as two hours before the
first verification time may have been used in their preparation. '

We obtained observed data to verify the guidance and local weather forecasts
from the National Weather Records Center in Asheville, N.C.

2. OPAQUE SKY COVER

Our objective forecasts were generated from a set of warm season final
guidance prediction equations described by Carter and Glahn (1976). Fore-
cast fields from both the PE and TJ models are used to obtain estimates for
the probability of clear, scattered, broken, and overcast conditions. We
convert these four-category probability estimates into single "best category"
forecasts so that each category is forecast nearly as often as it occurs.

The local forecasts and opaque sky cover observations are converted into
categories in the manner shown in Table 2.1.



Table 1.1 Ninety-

fdur stations used for comparative verification of guidance
and local aviation/public

weather forecasts.

PWM
BTV
CON
BOS
PVD
BUF
SYR
ALB
JFK
EWR
ERT
HAR
PIT
PHL
CLE
CMH
BKW
CRW
DCA
ORF
RDU
CLT
CHs
CAE
ATL
SAV
MIA
JAX
BHM
MOB
TYS
MEM
MET
JAN
MSY
SHV
IAH
SAT
DFW
ABL
LBB
ELP
LIT
FSM
TUL
“OKRC
ABQ

Portland, Maine
Burlington, Vermont
Concord, New Hampshire
Boston, Massachusetts
Providence, Rhode Island
Buffalo, New York
Syracuse, New York

Albany, New York

New York (Kennedy), New York
Newark, New Jersey

Erie, Pennsylvania
Harrisburg, Pennsylvania
Pittsburgh, Pennsylvania
Philadelphia, Pennsylvania
Cleveland, Ohio

Columbus, Ohio

Beckley, West Virginia
Charleston, West Virginia
Washington, D.C.

Norfolk, Virginia
Raleigh-Durham, North Carolina
Charlotte, North Carolina
Charleston, South Carolina
Columbia, South Carolina
Atlanta, Georgia

Savannah, Georgia

Miami, Florida
Jacksonville, Florida
Birmingham, Alabama
Mobile, Alabama

Knoxville, Tennessee
Memphis, Tennessee
Meridian, Mississippi
Jackson, Mississippi
New Orleans, Louisiana
Shreveport, Louisiana
Houston, Texas

San Antonio, Texas
Forth Worth, Texas
Abilene, Texas

Lubbock, Texas

El1 Paso, Texas

Little Rock, Arkansas
Fort Smith, Arkansas
Tulsa, Oklahoma
Oklahoma City, Oklahoma
Albuquerque, New Mexico

GTF
TCC
SSM
DTW
SBN
IND
LEX
SDF
MSN
MKE
ORD
SPI
STL
MCI
TOP
DDC
DEN
GJT
SHR
CYS
BIS
FAR
RAP
F&D
BFT
OMA
MSP
DSM
BRL
INL
FLG
PHX
CDhC
SLC
LAS
RNO
SAN
LAX
FAT
SFO
PDX
PRT
SEA
GEG
BOT
PIH
MSO

Great Falls, Montana
Tucumcari, New Mexico
Sault Ste Marie, Michigan
Detroit, Michigan

South Bend, Indiana
Indianapolis, Indiana
Lexington, Kentucky
Louisville, Kentucky
Madison, Wisconsin
Milwaukee, Wisconsin
Chicago (0'Hare),I1linois
Springfield, I1llinois

St. Louis, Missouri
Kansas City, Missouri
Topeka, Kansas

Dodge City, Kansas
Denver, Colorado

Grand Junction, Colorado
Sheridan, Wyoming
Cheyenne, Wyoming
Bismarck, North Dakota
Fargo, North Dakota

Rapid City, South Dakota
Sioux Falls, South Dakota
Scottsbluff, Nebraska
Omaha, Nebraska
Minneapolis, Minnesota
Des Moines, Iowa
Burlington, lowa
International Falls, Minnesota
Flagstaff, Arizona
Phoenix, Arizona

Cedar City, Utah

Salt Lake City, Utah

Las Vegas, Nevada

Reno, Nevada

San Diego, California
Los Angeles, California
Fresno, California

San Francisco, California
Portland, Oregon
Pendleton, Oregon

Geattle (Tacoma), Washington
Spokane, Washington
Boise, Idaho

Pocatello, Idaho
Missoula, Montana




Table 2.1 Categories used to verify opaque sky
cover forecasts. ’

Category Number Tenths of Opaque Sky Cover

0-
2—
6—

=~ Lo
O U

10 (Includes Obscured)

Four-category, forecast-observed contingency tables were prepared from

the transformed local and best category guidance predictions. Using these
tables we computed the percent correct, skill score, and bias by category
(i.e., the number of forecasts in a particular category divided by the
number of observations in that category).

Tables 2.2-2.6 show the comparative verification scores for April through
September of 1976 for three different projections. The guidance forecasts
were made from 0000 GMT data and projections were 18, 30, and 42 hr;
however, the 18-hr forecasts used 0500 GMT surface observations in addition
to forecast fields from the numerical models.

Table 2.2 is a summary of the results for all the stations combined. The
percents correct and skill scores indicate that the local forecasts were
slightly better than the guidance forecasts for the 18-hr projection. At

30 and 42 hr the guidance forecasts held the advantage. For all three
periods, the bias by category scores show the local forecasts strongly over-
estimated scattered conditions and, to a lesser extent, broken clouds. The
guidance forecasts tended to underforecast these two categories--especially
At 30 hi.

Tables 2.3-2.6 give the verification scores for the NWS Eastern, Southern,
Central, and Western Regions, respectively. These results exhibit the same
general characteristics as those for all 94 stations combined.

Regarding comparative skill, these findings are similar to those of our
previous verification for April through September 1975 (see Carter, 1976).
However, the percents correct and skill scores are higher for the 1976
forecasts because we were able to use warm season equations during the en-
tire period. Unfortunately, due to implementation problems, the guidance
forecasts during April through July of 1975 were generated from cool season
equations.

We have also verified our 0000 GMT cycle 18-hr early guidance opaque sky
cover forecasts for May 27 through September 29, 1976. These predictions
were based primarily on LFM forecast fields. The regression equations are
described by Carter and Glahn (1976). )
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Once again, we used both the transformed local and best category guidance
forecasts to prepare contingency tables. Table 2.7 shows the results

by NWS Region, as well as for all 94 stations combined. Matched sample
18-hr final guidance scores are also given for the purposes of comparison.

The overall results in Table 2.7 indicate that the early guidance and

local forecasts had the same level of accuracy and skill. The final guid-
ance forecasts were not as accurate or skillful. This difference may be
related to the manner in which our prediction equations were developed.

The early guidance equations were derived using opaque sky cover predictand
data broken into the categories shown in Table 2.1. The final guidance
equations had been developed at an earlier date on less compatible categories
of total sky cover.

The scores for the four NWS Regions show the early guidance forecasts did
quite well for the Eastern, Southern, and Central Regions. However, the
LFM-based early guidance forecasts were slightly less accurate than the
final guidance or local forecasts for the Western Region.

3. SURFACE WIND

The objective forecasts were generated using the warm season final guidance
prediction equations described by Carter (1975). Most of the predictors
for these equations were forecast fields from the PE model. The definition
of the objective wind forecast is the same as that of the observed wind:
the one-minute average direction and speed for a specific time.

Since the local forecasts were recorded as calm if the wind speed was ex-
pected to be less than 8 knots, we verified the forecasts in two ways.
First, for all those cases where both the local and guidance wind speed fore-
casts were at least 8 knots, the mean absolute error (MAE) of speed was
computed. Cases where the observed wind was calm were then eliminated from
this sample and the MAL of direction was computed. Secondly, for all cases
where both local and guidance forecasts were available, skill score, per—
cent correct, and bias by category (i.e., the number of forecasts in a
particular category divided by the number of observations in that category)
were computed from contingency tables of wind speed. The seven categories
were: less than 8, 8-12, 13-17, 18-22, 23-27, 28-32, and greater than 32
knots. Tables 3.1-3.11 show comparative verification scores for three pro-
jections. These are 18, 30, and 42 hr for the guidance forecasts which

were made entirely from 0000 GMT cycle data. It should also be noted that
all the objective forecasts of wind speed were adjusted using an "inflation"
equation involving the multiple correlation coefficient and mean value of
wind speed for a particular station and forecast valid time.

The combined results for all 94 stations (see Table 1.1) are given in

Tables 3.1 and 3.2. The wind direction MAE scores reveal an advantage for

the guidance that increases from 3° at 18 and 30 hr to 5° at 42 hr. The
MAE'% skill scores, and percents correct for speed are better for the guid-
ance at all three projections with the greatest advantage being at 30 hr.

Both the biases by category in Table 3.1 and the contingency tables in

Table 3.2 indicate the 30- and 42-hr local and, to a lesser extent, guidance
forecasts have a tendency to underforecast winds stronger than 22 knots (di.e.,
categories 5, 6, and 7).

10




Tables 3.3-3.6 show scores for the NWS Eastern, Southern, Central, and
Western Regions, respectively. These regional values have the same general
characteristics as those overall, except for the Western Region (see

Table 3.6) where the 18-hr local forecasts of wind speed are a little better
than the guidance.

These findings are similar to those associated with our previous verifi-
cation of guidance and local wind forecasts during the warm season of 1975
(Carter and Hollenbaugh, 1976). However, the bias characteristics for the
guidance forecasts of wind speed have improved considerably through the use
of inflation. There has also been a slight decrease in overall skill for
the guidance forecasts as a result of this inflation adjustment.

Table 3.7 shows the distribution of wind direction absolute errors by
categories--0-30°, 40-60°, 70-90°, 100-120°, 130-150°, and 160-180°~--for

all 94 stations combined. The guidance had approximately 5% fewer errors of
40° or more for all three projections.

Distributions of direction errors for the individual regions are given in
Tables 3.8-3.11. In general, these results are much like those in Table
3.7, except the magnitude of the advantage for the guidance over local fore-
casts differs from region to region.

Similar to the approach used for opaque sky cover, we also verified a set
of 18-hr early guidance surface wind forecasts for the warm season of 1976
These 0000 GMT cycle forecasts were based mainly on the LFM model. The
prediction equations are described in NWS, 1976.

MAE's (based on the 8-knot forecast criterion), percents correct, skill scores,
and biases by category were calculated for the early guidance and local fore-
casts for the period April 8 through September 29, 1976. We also verified

our final guidance wind forecasts during this same period for comparison pur-—
poses. Tables 3.12 and 3.13 show the respective verification scores for

each NWS Region, as well as for all the stations combined. The early and

final samples were matched for the contingency tables and resulting scores;
this is not true for the other scores.

The scores in Table 3.12 indicate clearly that the early guidance forecasts
were superior to the local predictions for all but the Western Region where
the accuracy and skill were nearly the same.

Table 3.13 shows a similar comparative edge for the final guidance forecasts.
Here, the magnitude of the overall advantage for the guidance is not quite
as large as in Table 3.12.

A comparison of the percents correct and skill scores in Tables 3.12 and
3.13 indicates that, in general, the early guidance forecasts are slightly
better than those from the final guidance system. However, the biases by
category are closer to unity for the final guidance.

11



peAIDSqO I9ADU SBA ING SIUTI XKFS ISEO3I0J SEA Az08938> STYL ¥¥
-poAI25Q0 10U 3SEDDI0F I9YIFou sem A10333®d STUL ¥

| | | W T
@ 1D (86)  (759) [(995) (LLT9) (6T8S) _ | W - :
ogesT | 0570 vI'0 1 ZE'0 (€970 0670 ; 7T°1 _Fm”o_ 9% _ 91°0 | 715, | 0°T1 0°2T |+ 9°€ gypt | 97 1 IO 4y
| DS°0: #9°0 |8L70 | 6L70 | T870 20 T |60 H_ 67 | TT°0 ._ L*IT |1 S°€ [ T8 (eeTERmRy
r i i i __ _ | i m ..
(o) 1 (s) (8€) (wLT) (998) (Lv6€3/£070T) _ “ w | !
pewe | ¥% | 0v70 TZ°0 1£6°0 | TO°T . TZ°T 1 €670 £9 §Z°0 e | c6 91T | 8°€ ¢/ TR - Te207 |
! i % | 00 mqm.o | £6'0 | 06°0,86°0|20°T! 89 160 | 877 | 61T | 5%¢ B8 L let _munavﬂ:om %
_. i " , _ | :
" . _ j : ! | _
« (z) ¢ (1T (80T) ﬂmomv 6852).(€629)(S6L5) * r “ “
| 00°ziz8°0 i¢c'006°0 | €0°T;L1°T|28°0| OS %2°0 : 2r | B 13 1e307 "

CT ¢ 1 | i i ) | ] i .,
79EST! 00'T, 60°T 1870 |£870 | €870 : 20°T|90°T| €S | LZ70 2960 | €TT | gy} peg | 066 | @ |eoueermn 81
& _ _ | _ “ _ "ﬁ ; __ | __ ._

: - e g e B TR R _ - -
- i (TSE0 .mvo_ﬁ SGO! L "SE0{ SEu v SH0 [ SEU | maiivime _ l i
Pl o L ] M. XTI .~ A} amyeh ey H .o\-..l.__ Jud — b i ! 1% ’ a [= i k
SISY3, Tt oN)| TON)| OA| TON | UON) | 0N | TS | 3w00S | S3SVD (s1x) | (swu) [¢son | SISO} {SO) 4 L o o)
- ] e ) Ve —d LA FOR Ladad
‘o | ivob oivo! sival viva) ELVG{ 2LV UNVDE TTT L qmis| 4o | vsg0 | LS04 uouY3 o | ¥ou3 9
A T | INITHSd d u L e = Ll o) 2 ——
| "§60 "ON/'L1SJ34 "ON-SYif prialide | StV # muh 0 1 royd
e ON | NV3A | NVIA | NV3H *ON WER ;
- | _mQF AN _D__»L.ZC_L ¥ __ _ mmn’.ﬁ. “" QFMUM
033d$ r NOILIZYIG i
*946T Jo isqueidag ySnozyy Trady Supainp se°3®3S PITU IYI T
$s010® SUOTI®IS #§ I0J SISEBISIOJ PUTM =228FINS aouepInd oaT10efqo pue TBO0T oaT3oefgns 103 s8100S UOT3IBOTITFISA T°¢ °I4qel



ocesT Te 2 € e
z o -0 0 T
" ° ] ° z
86 ° ° t ¢
®we 0 ° L %9
et o0 2 n o
umn ot ° i o1
s o 0 v sz
z PR ] € ¥

1534 Vo1
ocesT T 6 (73 oty
4 [ 0 ° °
" e ] 1 c
6 o z t 133
LTI | t 2 %
sz o s £t LT
umn o o fad 60T
1ss 0 0 v 11
i L y . 5 ]

LS04 ToNMIIND

siseda10j IH-ZY

(1144
o

€y
0T
174

et

j11-24
L3

k2

(14
1414
oL

(114

onL

L 14

pit4
24
fis4s
Tz

1099

¥z

[ 744
1344
6010

€931
4

T65T°

oy

gano-—c

13144

(1319
T

- e s

*9L6T 3

LSt

&L
174
998
Lyet

€070l

Lyst

foyol

Jo xaquazdag ySnoayz rady Burinp s32v3g PLOITU[ 3Yl SSOIDB SUOT]
J03 Ss3aseoax0l poads purm 20®IANS mocmvazm 2a12090q0 pue TedOT =AT123lqns 103 saTqe3 Aduagurjuo)

o O w

]
-
g .
"
~
=

YiLy
& 4] o o ]
o ] -] z <
4] T ¥ 1T ¥l
o 1 R4 1s ca
1 1 24 $6T ¥iy,
1 4 o (311 £081
o € 34 [s4: 14 e
9 < ¥ T

1523 TR

] 1z 113 LLL Yeet
L] o 0 o o
o o T T T
4] 4 5 £t 4
0 T h 4 o] 9L
0 6 14 e &0
0 ] ve LIe 6L5T
Q ¥ L (134 6TLT
9 $ ¥ € 4

1524 ZoNVAIRD

s3seoa10i IH-0F

556 X

0 L

0 9

t s

1€ ¥
yiz  c5@
[TTA G-
{1V :

T

€550T & -
° t

T 2

] 4

% Yoo
sz €
06T T
vise 1

T

yolsT

11
201
99¢
1194
1141
11744

ot

£0T
99¢
L3114
434
11144

“ O o -

o

w05

6 n
-] ° ]
-] T v
Y & 2]
¥ 1] (284
1 114 L1+
o ] T
[ 1 144
9 s ¥
isad Traol
o ¥ TEY
[] 0 o
: § ] T
s 24 5t
1 24 ot
< 1 (114
T 1] v
o ° oz
9 < ]

4534 IDWNIID

s3yseo210d IH-QT

€29 ewL MUY L
1 T 0 L,
Y 1 0 s
I S -
YT YT STy
L6 9LYT geT  ¢SED
LCOT  wIST S9ST 2
§IC SLYl QL6 T
< t 1
€Yzz  ytys 19 2
T [ T . ¢
4 T ° L]
o 1 4 4
73 2 4 ¢ S 4 4 Y
663 wIT 15T €
£+ S T3 S 14§ N 4
tor sm1 oeme ¥
4 T T
RIS 46
'¢ °149el

13



*pOAIBSqO I9ADU SEM ING SIWEl XIS 36EI9103 sem L1083380 STYL  xxks
-poAIDSqO IDASU SBM ING SIWTI IN0J 15BD91037 seM AI0Z23ED STUL  ¥¥¥

. -poAIDSqO I9ADU sem ING 90UC 3ISEBO2107 sem £10233®D STYL ‘¥
spDAISEQO lou 35e0910J IaylTou sem Li0Za3ed STYL ¥
| | m m " . ;
(SET) 1(seL) (89L _ . m _
| €5°0| €8°0 | 12" 71°0 Fr 811 £ Y Te207]
= t i T "
L W 80| 1870 | 10 | ozeo | ©5% | T | fuqp z¢ | %TC | 1y loouepng 7
H i ._ '
|
thNV | (08T) (8L ﬁ :
! 98°0| 92°T | ¢v" | L2°0 " . ¢ 1T g ¢ 9¢ Te007 .
gk | €£€°T| €670 60°T | | gong | 098 [T76 o Lowgy | grg | B8 9¢ |edueprng; OF
m. ._ _ _ .m
(8€T) | (08L) (06 | !
8L'0| Tut ! 1T 0z°0 : : £48L TUE ve 12207 |
Test | ho.H# 06°0 | 66 wzoo | 9584 w €T geer ovg | 88%2 ¢ |souepngi 8T
} | | | | | _ |
—— IS '_ | . N
o | TGN toN) |0 2¥00S | S3SVI | (SIX) | (Siv) S38V3 1 {938) 1 o)
=i | YiVD| E1VD| 2LV g _ . . |uouy3 A | Yuu3 | TaSeE e
o | il Yo L o - MIDS| 4o | °S80 | 1S94 | .ea 40 50 )
| ON/°L1S24 "ON- makm I SV St 20 Lodd .
, - P | SON | NV3W | NV3A | NV3A 0 ER
379VL AONIONILNGD __ * | 3dii 1634
G334S NOIL33¥IC o

*uorg@oy uzaised Syl UF suoTaeas b7 103 3dodxs T-¢ 9Tqel Se 2WeS ¢°¢ ITqel

14



‘DOAIISQO IDASU STA INQ SawT3 InoJ 3sedaizo] sem £1032380 STYL yxx

Ing sawlj @sayl 3sesszol sem LioTaied sTUL

*pPOAIISO IPADU SEM i
*POAIDISQO 10U 3582210] asyijsu sem Lio8s3ied STYL ¥
“ADHV (L9 i
. i On o 6670 €170 O " OHTE &y I® :
986t o 60°1 €70 96LT * 0°0T _‘ T¢ 97LT 6¢ ouEpINY (44
_ )
‘nmv (79) ﬁ _
62°0 . s Y g€ Teo0T |
T Le9 | 919 : '
. 9670 v o, £°¢€ 7E @2UEPIND e
| | !
. _ m . &
zz o b 2% Y€ {2207 *
966¢ | seo | O5LT | 7°0T ‘ 62 EnLT It |eoweprmg| ©F
__ | | 4 # T
{ | i i '
cym | 1 _ - . [—— _— i .
S - 3005 | S3SVO | (S1M) | (sux) | (SBD | oSIVOE (SIS
mM | TIINS . S00 1594 _wc{ ! 0 %y e I R
v , % A o v} LodI e = - '
Y IN-SV1g ¥ STV Sa\ 20 | 009
| -"ON % NV3H VW | NV3A "ON VR “
AJNSONILNGD m _” 3dAl . *1534
- KOILOZEIC | C
!

UIoyanog 9y3 U SUOTIEIS Hz 203 3dooxs T°g SIqQRl 67 sSweg

4*¢ °TqeL -

15



vm?ummno ZoASU SEBMA INg 20UC 35edaiol sem L10Z33®D STUL ¥¥
-poAlBSqo 10U 3STOI0F IBYIFBU SBA £10323®2 STYL =%

_ _ m ! w m m _
_ _ ! _ _ | 7 | _ : '
: | _ (6161) (09€T) _ | | _ | 207 -
I C0) | (IT) [(sS) 1(§92) |.(£20T)(6T6 N . ; Fi 12307
€19y |- * | 6070 8T°0 1 T9°0 | v6°0 TL'T _ i o_ € | 710 | ¢goz | 11 M.MM m.m 9992 | 1y losueping! 7
| "% | gr1°0|715°0(€9°0 | £L70! SO'T _ _ 7 | 810 | w
{ ” 1 ” I | “ | _ “ !
L) o) (1) leooy | nee) ! AMTﬂHVﬁ 882) b . ! -
Lo |0 2S°0 | ZUT €T 8T0} LS | TL0 | gypp | g 711 m.m o4zt | wm MUﬂwm4uuM o€
699% . 4 1 ¢ 20| os70! w60 LoT| €9 * £2°0 | v .| 80T | g
i ! i _ m | | _
' { ! 5 ' | H !
“ ﬁwV h ﬁnmmmwyhmm@M\ ) ” i w sorp | 8121 | weg oz S TROOE! © o
! 1. ¥ | = | & b Ll = . ] QUERING
SE97 1w 1870 §0°T | 6e | ’ zr | 3¢ | | Te |eowwpina
| h . _ _, * _ ;

- _ _ _ I i :
ST (7550 {{"S60 | 5 , 1 - N - “
s3svat L ge! oo | o) | i Ll Ll o Rl G0 | ey | idsw
| L - ....“ N _WC;JU it I ) 5

VI R Vel | EiV3 | elVa | g . S a4 | 40 v !
3N | LiVoy — St L 40 *Sg0 _ 1§34 " “SgV | Sqy 29 _ poEd-
*. - - :ON _ NV3H | NvIW | KVEH "ON _ EL
576VL AJNIONILNGD | "_ _ | SCAL 1 tLSTs
0334S _ KOILJZEIS i

‘uoTgey TEIIUS) 2yl UT SUCTIEIS

gz 3dedx3 T°g °IqEl

se aweg ¢°¢ °T4®L

B

16



+poAIBSQO ISABU SEBAM ING IDUO 3I52IV10] SEBA muommumu STUL »%
_ -p2AIDEqQO 10U 3IEBIBA0T IIYIFSU SBA K1c%33ed> STYL =%

17

; " _ i T . “ ] ]
i _ “ Tk w i m _ i ﬂ | :
: | _ leray | 0z<T) | | _ { £
P (1) ((en) [Us) L(ETE) | (L16) (025 H | f ) . - i
ocgz . ¥ | 00°Ti 00°T{ €§°0{ #£°0' %O'T| €0°T1  0S W SI°0 1 oz | 20T _m.ww : M.M L8 | & iosueprng: O
i" wx 00°T! 0S'T! £6°0| 66°0, €0'T| €670} ¥S | €270 | 7 ﬁ | _
' _ _ H 1 [ | “. i M
; : { i = ' ' | ‘
(0) | (0) (8) !(ew) ! (SLT):(1¥8) (164T) S \ . ) - ——
¥ | e | 0'0|850| T80 €670 50°T) 65 | 670 7 sgo | e | Sll STl o9 | gl loowepagl O
8S8Z . x 1 % | gLc0l LvTO: BT'T| 80 H* 96°0] 09 | 2 o_ _ | :
" m : m | T —— _ _ “ r _
0) ' () j(9T) i(z8)  (60E):(916)(ETST)| . N H e | ) . s -
. % | 00°w| 0S°0| ¥8°0| 26701 SO'T| 00°TI LS | LT0G ggor | geor | LI e | 088 | ¢ lesuepmp . T
BT | 00°z| 6970 2670 | 96701 TT'T| $670 95 | 970} i P M M :
| _ | | m “ | _ _ ! ! # “ _
T LT AT T sca i sa0 | | | _ . # .
- _...,_ﬁ mmc_ n SEu h m.cx__ .nwc% __...mc_{ _ﬁ ,?_.Uma.m_mum I = ey ) | (s) | 35VI | Amunu -
muMMg_ *OND /\# .or;_ ﬁ :me_ uc“wi “cny | 38008 S3SVI | (SiX) (Six) _monmu M s d VTR, §34 {S¢H)
Pt B m;ﬁ“ i T psd] YAy 40 | CSED Y A3 | .cgy | | sev| s 4 cr
: e 174803 e _ _ “A __. MY _ NY 3 H S “ON _ IR i
SEVL AONSONILNOD L | ! 3¢AL § 182
| - < '
33 | KOILSZYIC -
Dbhnm % Mt )

-uor3sy uxelsSeM SY3F UF SUOTITBIS gT 203 1deoxe T'¢ °Iqel se swe§ g°'¢ SIqELl

|



n'e gty 2'9 " . g° 0T 9°12 578 (2907
. 2y
9'z L€ ' 06 F 2702 n°6¢ 3aup}ng
5z 0°¢ 9°4 18 8°8T 0°¢9 12907
Co9tr ] LT €'g 'L ¢ o1 8°L9 3ouepLNg g
LT * £°C G°¢g 7 St 4 6 0¢ %9 quoq
- gl
(-4t 6°T Tt 6°6 £°81 6°89 JouRping
-0 " o - 006-0L oUd”™ o0E-0 . v .
208L-091 205 L-0E L 0z1-001 06-0 09-0b 0£-0 Tor o
_ 4 "G
i = J4AL *1S34
AE093LYD A SUONY3 3LNT0SEY 40 AININDIYA 39VLINIOY3d

10

o siseoai03 aouepind aafidalgo pue TEDO aaTio9lqns yaTM pIie
3 T b g ] jECR

*g/6T 30 1aquoadag ySnoayz Trady 3uTANp SIIEIS PIITU] dUI UT SUOTIBIS H§ I0F UOTIDOITP PUFM 02Fans
T

Spsse 510112 93INTOsSqe JO UOTINGTAISTQ [°E °TQEL



e e

oo Al R

e el e,

r . w i
‘12 £y o1 9°1T G 28 {2207
. NQ -
L1 1°€ LS 86 R z°LS souepLng
6°1 8°1 - §L L0t 1°€9 12907
9'1 S 7y £ Z°61 849 3oueping % o
—
6°0 1°Z 7°e £'8 i 829 1 €207
8°0 91 £°¢ §*9 ¢%z $*99 3aouep}ng i .
4081-091 +051-0€1 2021-001 00601 409-0% o0€-0 1894 Cey” 4
| 0 0%
N " 3dAL *1524
JY093LYD AS SUO¥Y3 3LN10SEY 30 AONIND3WS 39YLINIIUId
woTSey uza3s®EE Oyl UT SUOTIEIS HT 103 1dooxa /°¢ ®Tqel Se emes g'f ITGEL .



-

[ ——

§'€ oYy __N.m_ 1°01 612 $°9S (2207
: A
8°T %'e 0°S. 8°8 6°6T 19 soupPLNy
8T A 6% 9°8 S LT 0°%9 {2301 ”
£ 6°2 9°2 gL 6°ST 8°89 3oueping .
&t 61 €°¢ 0°L £o1E 8°%9 2207
; 8l
ST 9°'1 6°¢ 8°'s LR g oL soueplng
08L-091 005 1-0EL o021-00L 006-0L 0 09-0¥ 00€-0 . " 1594 a._.mv..ﬁ
40 *{0%d
S s 3dAl "1534
A¥093LYD A8 S¥OuY¥3 31n70S8Y 40 AIN3NDS 3DVLINIIUZd

*uoTdey wieyinos Ul

uT SuoTIBIS 7 103 jdsoxe /¢ STqEl se 2wes §°¢ PIqEl

20



R

21

vee ¢ per &%t 222 9°1¢ (2957
A
6°C 9'¢ 9°%. £°6 1 60T T°6S 92UBp LMD
A4 S'E y°h €°6 0°6T 9719 1®207
; ¢ -
"z 6°Z '€ 6'9 96T 1769 aouepLng
8 1 T 8°¢ . F g d 0°0Z 9'%9 12207 :
) 8L
1 6°T 8'¢ z°s LALL: 6°0L 3oUBpLNY
oomT_om_. 006 1=0¢EL 002 1-00L 006-0L 009-07 o0E-0 - “1594 (*sxH) %
3 0oy
R = 3dAL *1594
AM093LYD A9 S¥Quy3 3Ln10S8Y 40 AJN3NDIYL 39YLNIOU3d

/

+uoT89y TEAIUS) 2YF UT SUOTIEIS §

z a0y 3dedx? /°¢ @Iqel se =2we§ (QT°€ °T9EL



22

p ) 4 f " ”
. |
; 19 * Cogrg o e 8y : %8 99T $'66 . [e207
: ; ‘ _ 2y
s 8¢ L°S 6°9 LT L°T9 SouUBping
m 9%y g €y €9 ragh: T 12207
_ o o _ _ . O€.
. 6°¢€ i T°€ o€ 59 T 89 3Juep}ny
s°e ) LY 0°¢g L. T°91 $*59 [ 2207
_ _ | 8l
b S £ . e 1L 9°9T T°99 3oUBpLNY
0081-091 * 005 1-0¢1 002L-001 006-0L 009-0¥ c0€-0 . ' *1894 R.meu
40 *(Cd
, Ea- A _ 3dAL "1824
J ANO93LYD AE SYO¥Y¥3 31N70S8Y 40 AININOIS 3DVINIJY3d

uordey uie3ssM Y3 UT SUOTIBIS 8T 207 3deoxa /°¢ 9Tqel se dwe§ TI°¢ °T9EL



¥ 4
-pOAIDSQO I1DADU SBM INQ SIWUII INOJ ISEDII0F SBA £1082280 STULxwxx
+poAIBSQO 19ADU SEBM 3ING SIWLI 93IY3 ISEDII03 SBA £10822380 STUL xx%
'poAIDSq0 IIATU S JNG DU 3ISEIRI0F SBA £10892380 STYL %
.ﬂm.u»?kmm_u.o JoUu 2sed2107 A2ylir=u SEM h..HOMNu.NU STUL ¥*
! D erons] P — ", | | | |
¢ (2) | (IT) | (voT) (625) | (9592)1(¥809)[(66S5) _. _ i | |
“ ‘00°z | Lo {%et0o| z6t0| so'T|LT'T T8O OS - | “ > 12007 | 3OVEIAY
6809 0d.c | 60 | 2670 | 9970| ¢c-0| 8670 |sTT| s LT | 67 |eouepInD i TIVEAO
. , _ f | n
0) | (1) | (y1) | (S8) |(86T) i(£88) ((9SYT) _ | i i __
| | 00°%|l5°0} z8°0! €6°0| SO'T|00°T| 9§ e . M Po2e . 10T e
1602 ¢ § | gl scvo| zziof £s0| Zo'T | w0°T! %6 Y | | e |oowepyng: NESH
© | 6 | (9 ams._soos__ammcSoﬂv__ _ K
goyy |. * | 7970 | TE'0| 8870 90°T| €2°T | 69°01 9% ooz | levzt _ €€ TOS0] oresigionn
" 1" «x | 8L70]09°0| 09°0| z¢t0| vO'T|92°T| TS m [z | eoweping!
_ @ | @ | an |« | @en lersniot |
00| = |w9o0| tz'¥| £r°1) sTeTlELo| S ’ : z€ 1e907 |
| ‘ G4 i | 3
6688 | g0 | ax | w90 si0| zevof 2870|TET| 8S | SRR 1R | 67 | cowmpng, IR0
_ | @ | ao | 61D (9ze) [(srLT)(LETT) __ i
xx¥x| 0°0 | OT°0| 68°0] €0°T| OT'T| 98°0| 6% __ : ._ ne 1ed0T .
674 1 "y | 070 | €0 08°0) 9L°0| 66°0| 0T} €€ | L6t § L | 0f | @ourpyng GELISVE
| | _ | m “ ;
| (~550; (~560] ('S0} (*580{( 'S80 ('S80 ("5S8O}, oy __ __ | ‘
"ON)| TON)| TON)| TON)| .oiﬂ "ON) | CON) [T | S3SVD | (SLA) _" (92 s
! Rt} Y AT v Ly b n b 185
LIND m.r,ﬁm H.“..__.Lu__ .ﬁ.;.b“ m”,?_ Nq._uru F..Gr:mum o ‘cq0 | c.m. _.. —
SE0 0N/ L1504 ON-SVIT | | | 2 "
| .Y it NYIA T _ s
37EYL ADNIINILNOD | e —
REEER RO
*IN9 Q09T 3® PTIBA 2I3m S3ISEIAXCT TIV 96T ‘gz 1oquoideg yfnoiyy g Trady wolj §23BIS PIITU) AU SSAIOE
SUOTIBIS H§ I0F S1ISED2I0] DUTM VBIaIns 2ouepInd | ATaEe, aaT3090qo pue Teool 2ATI0a2[Qns 103 S910D§ UOTIBITITIBA  ZT°C 2IGF

23



"PSAIDEQO IJABU SBM NG 9BWTI INOJ 3ISed2103 sem £108218D STULsyy
"poAIDSQO 19A2U SeA INg 9DUO 3SBD2103 SBM £108918D STYL xx
*poA12SQO 10U 35BPD9103J 19YlTau sem L10823ed STYL  x

1 [ ! . _ ! i ! : T y
1
(@) | (TD) [roT) |(626) ﬁomqmuﬁqwomvﬂmmmmv A
Q0" ¢ EL'0 |%£°0 2670} SO'T [LTI°T |I8°0 0s %2 0 . VANA 't ) 113 18207 | FOVEIAV
nwhwmoo.ﬂ 00°T |88°0 88°0| 98°0 {Z0°1T “mc.a €S L2 0 e £l 6°TT T € Bio 4% 2ouepIng | TIVE3AO
| :
| (0) (1) (91) | (s8) [(86Z) | (€88)[9SvT)
LELT | =» 00°% | £S°0 Z8°0f €6°0 [ SO°T |00O°T 9¢ Lz 0 . v T28T c°t 8¢ - TB9071
ve | 00°z 600 | €60l s6-0 |zt |v6'0| g5 | ozwo | B8 | ECT _ T2t | 976 £98 16 | @ovepyng| NEILSIM
(0 | (6) (88) | (85D ROOOanmmmHeromHv m | .
% | wvr0 1670 | 88°0| 90°T | €z T [69°0| 9v | 0z°0 ; 82T | € s¢ TE207
999 | Ly | 960 |wzv0 | weto| 8%0 g0t |TToT| o5 | gzro | L | T | ream 1o SLLT | 1g | eowepyng! TVHINED
i
@) (0) KTT) | (L9) |(zeW) |[(LTIT)(®OLT) _ i : i
00 | % w90 czot| ert|setlecro] zs | €20 : 611 | T°8 € Te207
: {43IHINOS
E8C 1 00 | wxx|cs0)| 96'0] €870 |€60 |zTT| 28 | 82O _ AT I POL ) pear | e e ¢ | eouepyng NIHO
(1 | (0 (12) _ﬁmHHV (922) ((SPLTICLETT) 7
vxx | 0°0[0T°0) 68°0| €0°T|0T°T |98°0| 6% | 0270 | . ¢*7t | T 93 eson:
SYLE + x| o0 levim ‘ TETT60 | 86°0 | 90°T) 06| 920 7 ot IITF G ogpr foe L R = | s, IR
| ! _ |
i (SEOL (*580}("s€0 wmo (7580 |("S80 [(*S80], nayipsnn | _ ” : . ¥
S35V3i -on)] *ON) S| ou | 0w | o LB0D | gy0ps | sasvo | (s1v) | (sw) |0 | sasw | (o) |
.20 [ LYY 91VD mA:u_ qhqu ELVI | 2LVO | LIVD| ™7 | qqqys | am _ uoYY3 vory3 | "1834 | woromy
. 0N T IN3ou3d | TVIAS| 40 | "SE0  US)d |7, 0| g ;
. | "Sg0 ‘ON/TL1SJ24 "ON-SVIg i _ | M SQV S 0
A N " 12 . 1Y =i8] ] SMN
376YL ANIONILNOD | Com [ 3w | NESW | VS o8 ] W)
- _ m | AL
033dS NOILOZYIO m :

+s1520310F purs 2dejins @duepind ,TRUTF, °aT3Idalq0 pue Ted0T aatT3o2fgns

103 adedxa

Z1°€ @Tqel se sueg ¢I°'¢ 9T9Bl

24



4., CEILING AND VISIBILITY

We computed verification scores for these two elements from final guidance
and local forecasts at both the 0000 GMT and 1200 GMT cycles. Our guid-
ance forecasts were generated from the warm season equations described in
NWS Technical Procedures Bulletin No. 120 (NWS, 1974). The equations’ are
made up of predictors from surface observations, the PE model, and the TJ
model.

We also computed verification scores for persistence forecasts of ceiling
and visibility. Persistence forecasts were determined from the last surface
airways observation available to the WSFO forecaster before the aviation
terminal forecast (FT) filing deadline. The ceiling and visibility values
which existed in that observation were used for each verification time that
followed.

Our guidance forecasts are expressed as the probability of each of five
categories for both ceiling and visibility; the category definitions are

shown in Table 4.1. The probability forecasts are transformed into a categor-
ical forecast and presented as the '"best category" in the forecast message.
The transformation is made such that the verification score for the NWS
scoring matrix (NWS, 1973) is maximized. For comparative verification, we
used this categorical forecast, since the local and persistence forecasts

are for specific values of ceiling and visibility and can be assigned to

a category for direct comparison.

Table 4.1 Ceiling and visibility categories used for MOS
five-category aviation guidance forecasts.

Category Ceiling (ft) Visibility (mi)
1 < 100 < 3/8
2 200-400 1/2-7/8
3 500-900 1-2 1/2
4 1000-1900 3-4
5 > 2000 > 5

Our MOS system generates ceiling and visibility guidance forecasts for
projections of 12, 18, 24, and 30 hr from the numerical model runs at both
0000 GMT and 1200 GMT; we have computed verification statistics for the first
three projections. FT's are expressed in a form which covers all hours of
the 24-hr period for which they are valid; officially, they are verified at
12, 15, and 21 hr after 0000 GMT or 1200 GMT. Therefore, direct comparison
between the guidance and local forecasts was possible only at the 12-hr pro-
jection.

For all the forecasts involved in this comparative verification, we constructed

contingency tables which were than used to compute several different verif-
jcation scores: bias by category, percent correct, and the NWS matrix score.
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We have summarized the scores in Tables 4.2 through 4,5, Each table covers
one element for one cycle time, for all forecast systems, arranged by pro-
jection. -

For 12-hr projections, the tables show persistence and local forecasts

were superior to our guidance forecasts for both elements at both cycles,

all scores considered. We have encountered results like these in previous
comparative verifications of ceiling and visibility for this projection (e.g.,
Crisci et. al., 1976; Carter et. al., 1976); they occur because of the ad-
vantage persistence and the local forecasters have over the MOS system for
the first projection. The last observation which the local forecaster sees
before the FT filing deadline is two or three hours (depending on the cycle
and region) before the first valid time; the same observation is used for

the persistence forecasts. The MOS equations use, in addition to the numerical
model forecasts, predictors from surface observations taken 7 hr prior to

the valid time of the first projection. This is necessary because of time
constraints imposed by operational deadlines. Therefore, persistence and
local forecasts use data which are 4 to 5 hr more recent than the MO5 system
and this handicap is too much for our guidance forecasts to overcome in the
first projection. Indeed, even the local forecasts lost to persistence

acrass the board for what is considered to be a short-range forecast.

18-hr and 24-hr guidance forecasts, in the 0000 GMT cycle, were significantly
better than persistence. In this cycle, persistence can be saddled with an
early morning ceiling or visibility condition that has much lower frequency
of ocecurrence in the afternoon and evening hours and is therefore less likely
to verify.

In the 1200 GMT cycle, 18-hr and 24-hr guidance and persistence forecasts
scored about the same. The guidance forecasts were glightly better, in

terms of percent correct, at the 18-hr projection but not quite as good at
24-hr. Matrix scores were better for the guidance forecasts in all cases.

Overall, our guidance forecasts displayed the same bias characteristic we
have seen before: very few forecasts of the lower two or three categories,
especially at the 18- and 24-hr projections. We have addressed this feature
in the past (Crisci, 1976) and we expect the problem has been largely correct-
ed in our present system (NWS, 1977) with the use of threshold probabilities.
Notice that 18- and 24-hour persistence forecasts in the 0000 GMT cycle are
also quite biased for the lower two or three categories, but in the opposite
sense--far too many forecasts. This occurs, of course, for the reason dis-
cussed above. In the 1200 GMT cycle, peristence forecasts have generally
better bias scores than our guidance forecasts for all projections with the
least difference evident at the 24-hr projection.

5. CONCLUSIONS

This verification shows TDL's aviation/public weather guidance forecasts
compare very favorably with local forecasts produced at WSFO's. In particular,
automated guidance is better than the local predictions for opaque sky cover
and surface wind for the 30- and 42-hr projections. While both the objective
and subjective estimates of ceiling and visibility are poorer than persis-
tence forecasts for the initial (12-hr) projection, they are generally more
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Table 4.2 Comparative verification of peréistence, MOS guidance, and
local ceiling forecasts, 0000 GMT cycle, for the period
PC is percent correct,

April-September 1976, for 94 stations.

MS is NWS matrix score.

Bias by Category

Projection Type PC MS

(Hr) 1 2, 3 4 5
Guidance .29 .49 «55 .91 1.05 37.9 66.0
12 Persistence .87 s 79 .87 1.02 89.8 67.3
Local .40 .85 82 1,171 1.01 89.1 67.1
15 Local 30 .48 .48 .79 1.05 | 87.9 66.8
Persistence 5.13 .36 .86 s, 1.03 86.9 66.4
18 Guidance .00 .06 .24 .69 1.04 92.3 67.9
Persistence 15.43 .15 1.63 .87 .97 88.2 66.3
Local .22 .29 .30 74 1.02 94.8 68.5
21 Persistence 13.22 .92 2,29 1.51 .94 88.6 66.0
5 Guidance .00 213 27 .39 1.03 957 68.5
Persistence 8.62 .38 2.44 1.84 .94 88.8 66.0
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Table 4.3 Same as Table 4.2 exceptl for visibility forecasts.

e L - it e =
Bias by Category
Projection Type = BC MS
(Hr) 1 2 3 4 5

Guidance .17 A .61 .69 1.08 82.6 64.8
12 Persistence .81 .56 +39 S 2,09 85.0 66.1
Local .49 .91 44 1,37 1. 02 83.4 66.1

75 Local ~: s0 .25 .85 1.04 |88.9 67.1
Persistence L.oht 2.23 .85 . 88 1.00 86.7 66.3

28 - o0 06 .07 .29 1.05 | 94.0  68.2
Persistence 8.88 5.29 1.51 1.47 .96 88.3 66.4
21 Local I i .25 «39 .59 1,03 94.4 68.4
Persistence 21.7% 4.04 Lad? T 77 .95 88.2 66.3
= Cuidance oo .00 .03 .30 '1.05 | 94.3  68.3
U 10.92 3.60 1.46 1.69 .95 | 88.0  66.3
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Table 4.4 Same as Table 4.2 except for the 1200 GMT cycle.
Bias by Category
Projection Type : PC MS
(Hr) 1 2 3 4 5

Guidance .07 .49 .66 .91 1.01 951 68.6
12 Persistence .71 .87 1.10 1.15 1.00 | 95.8 69.0
Local .43 .60 .86 1.20 1.00 | 95.8 69.0
15 Local 23 .61 .73 1.25 1.00 | 9%4.2  68.5
Persistence .33 .68 .88 1.00 1.01 | 94.0 68.3
- Giddancs 00 .53 .46 .92 1.03 | 92.5  67.6
Persistence .19 .39 .67 .82 1.02 | 92.1 67.4
21 I,r_;(_‘_a]_ .22 -39 .74 l-‘{lé 1.01 88.5 66.3
Persistence .09 .28 A5 .66 1505 89.5 66.2
7 DuidEnce 02 .22 .41 1.12 1.05 | 86.9  65.2
2 Blraba o 08 .20 .36 .56 1.08 | 87.1  64.9
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Table 4.5 Same as Table 4.3 except for the 1200 GMT cycle.

Bias by Category
Projection Type Pc MS
(Hr) 1 2 3 b4 5
R .00 .22 .28 .09 1.01 | 93.6 68.4
12 Persistence -62 1. 30 .83 .98 -GO 95-2 68.2
Local 77 .78 .42 .12 1.01 | 94.9 68.8
5 Loeal .70 1.17 .77 1.27 .99 | 93.3  68.5
Persistence .35 1.25 1.19 .99 .00 93.9 68.5
Cuidance .04 .00 .29 .87 1.03 | 92.7  68.0
18 R — .15 .83 .82 .86 1.01 | 92.4 67.8
Leaal .33 77 .90 .55 .98 | 86.0 66.3
21 Porsictence .06 .37 .53 .62 1.05 | 89.0 66.5
ot dance .00 .09 .43 1.29 1.05 | 80.4  64.1
24 Pereisbanes .04 .20 .21 .44 1.15 | 81.7  63.5
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accurate for longer periods. However, the bias characteristics of the ob-
jective estimates are unsatisfactory and require improvement to meet the
needs of users of these two products.
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